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Abstract: The objective of this article is to use a systematic review of the literature to answer
how the maintenance sector considers the occupational safety and health (OSH) criteria, what
impacts safety has on maintenance activities, which are the most significant branches of
activities in this relationship, and which phases and types of maintenance are more prone to be
influenced by OSH. The articles for these studies were selected through the Capes Portal,
limited to the period between 2010 to 2015. Articles selected from the Brazilian Congresses on
Asset Management and Maintenance in the period from 2013 to 2015 were also used.
38 articles were selected in total for the systematic review of the literature. The results were
summarized through conceptual maps and revealed that there are fundamental relationships
between OSH, Maintenance and Asset Management and that maintenance has a central role to
play in these relationships. It is also concluded that the impacts of safety on the maintenance
activities involve all stages of the process and that the maintenance sector considers the OSH
criteria as a function of the safety of the persons performing the maintenance and operating the
equipment. The contributions include a discussion on the importance of maintenance and safety
according to different organizational cultures, the elements considered in management
practices, maintenance strategies and safety criteria.

Keywords: Maintenance; Occupational health and safety; Asset management; Risk
management; Systematic literature review.

Resumo: O objetivo deste artigo é responder, através de uma revisao sistematica de literatura,
como o setor de manutengéo considera os critérios de seguranca e saude no trabalho (SST),
quais os impactos da seguranca nas atividades de manutengao, quais os ramos de atividades
mais significativos nessa relagéo e quais fases e tipos de manutengéo estdo mais propensas a
sofrer influéncias de SST. Os artigos para esta pesquisa foram selecionados através do Portal
Capes, limitando o periodo entre 2010 a 2015. Também foram utilizados artigos selecionados
dos Congressos Brasileiro de Manutengédo de Gestdo de Ativos no periodo de 2013 a 2015.
No total foram selecionados 38 artigos para a revisao sistematica de literatura. Os resultados
foram sumarizados por meio de mapas conceituais e indicaram que existem relagbes
intrinsecas entre SST, Manutengdo e Gestdo de Ativos e que a manutengdo tem um papel
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central nestas relagdes. Também concluiu-se que o impacto nas atividades de manutengao na
seguranga compreendem todas as fases do processo e que o setor de manutengéo considera
os critérios de SST em fungéo da seguranga para quem realiza a manutengdo e para quem
opera os equipamentos. Como contribui¢des, discutiu-se a importédncia da manutencao e
seguranga segundo culturas organizacionais diferentes, elementos considerados nas praticas
de gerenciamento, estratégias de manutengéo e critérios de seguranca.

Palavras-chave: Manutengdo; Seguranga e Saude no Trabalho; Gestdo de Ativos;
Gerenciamento de Risco; Reviséo sistematica da literatura.

1 Introduction

The importance of the maintenance sector in organizations concerning the other
sectors has evolved with the passing of the years from a simple support area to a
strategic support area (Santos & Martins, 2015). Many still see the professionals
working in this sector as the ones who address 90% of daily maintenance problems.
However, considering the current technological developments, a person or even a
group of people would rarely solve the majority of cases that could occur within an
industry. The maintenance branch has therefore sought new ways of thinking, both in
the technical and administrative area, since these new market requirements have
brought the limitations of the current systems to light (Bristotetal.,, 2012).
Consequently, it is natural that the safety of these activities has become increasingly
complex.

Xenos (2004) conceives maintenance as being a set of technical and
administrative actions intended to maintain an item or system in a state in which it can
perform the functions for which it was designed. Rosqvist et al. (2009) refers to
maintenance as a combination of all the technical, administrative and management
actions during the life cycle of an item, which are meant to maintain the state and
safety of said item, or to restore it to a state in which it can perform the desired
function (Grusenmeyer, 2014). The strategic importance is linked to the capacity to
ensure the availability of equipment and installations with reliability, safety and
appropriate costs (Xavier, 2013; Mosquim, 2015).

Maintenance can be classified into the following types: corrective, proactive,
preventive and predictive. Corrective maintenance consists in an intervention made
after the occurrence of the failure. Proactive maintenance is performed prior to failure,
being subdivided in preventive maintenance, which is characterized as the service
performed on equipment that has not presented failures, but of which one
nevertheless knows the useful life of components, with their exchange being
scheduled prior to the estimated conclusion of this cycle, and predictive maintenance,
which allows you to optimize the exchange of parts or the renovation of components
and to extend the range of maintenance, since it uses testing to predict when a part
or component is near its life cycle limit (Silva et al., 2015).

According to Lafraia (2011) and Barbosa (2015), maintenance is assessed in
conjunction with workplace safety in risk management. The good maintenance and
safety practices of a company should serve as the foundation for risk management,
making decisions more assertive for a project or implementation process.

Safety is a priority in the whole maintenance system and should be part of the
routine procedures. It elevates the level of complexity of the planning and
implementation activities, establishes limits and ideal work conditions, and imposes
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higher levels or new targets for planning. Protective systems geared to the reduction
or elimination of hazards are usually considered to increase safety levels
(Marais et al., 2004).

Asset Management emerges in this context. It brings a new paradigm to the field
of maintenance (Santos & Martins, 2015). The NBR ISO 55000 standard stresses
that effective control of assets involves risk management, with as main objective
achieving an optimum balance between cost, risk and performance. Asset
management enables organizations to achieve their long-term goals in a sustainable
manner (ABNT, 2014).

Finally, there is an effort to increase the reliability of production systems so that
they deliver the products demanded by their customers at the right time. Reliability in
engineering is defined as the probability that a component meets specified
requirements under certain conditions over time. Within maintenance, it is a concept
used to define maintenance intervals and the performance levels of equipment. Safe
systems are not necessarily reliable and vice versa. In fact, these two qualities are
often in conflict (Marais et al., 2004).

The objective of this study is to use a systematic review of the literature to check
how the selected articles cover the influence of occupational health and safety on
maintenance and how they consider the asset management concept in order to
answer four relevant research questions.

2 Research method

2.1 Research questions

This study can be classified as an exploratory study in terms of research
methodology and, as such, the definition of the research question should consider the
required scope.

Starting with the proposition that there is an interaction between the concepts of
maintenance and occupational safety and health (OSH), the following research
question was defined: “What are the relationships, impacts and existing interactions
between the maintenance, asset management and occupational health and safety
activities?”

Three questions about the interaction between maintenance and OSH and a
subsequent question to detail the maintenance activities, life cycle and type covered
by this interaction were posed to answer this research question and to systematize
the article in order to discuss how the researchers have discussed these aspects.
The questions are listed below:

a) What is the relationship between asset management, maintenance and OSH?
) What is the impact of occupational safety on maintenance activities?

c) How does the maintenance sector consider the OSH criteria?
)

What are the most impactful branches of activity in the maintenance literature that
consider OSH? Which phases (design, implementation, review) and types of
maintenance (preventive, corrective and predictive) are more prone to suffer
influences from OSH?
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2.2 Search strategy

This study is characterized as a systematic review of the literature on
maintenance and its influence on occupational safety and health (OSH). Some criteria
were considered for the selection of the articles of this review, which sought to cover
articles in national and international journals in the Capes Portal, in addition to articles
with national applied research taken from the Brazilian National Congresses on
Maintenance and Asset Management held by the Brazilian Association of
Maintenance and Asset Management (ABRAMAN).

The following databases were selected in the Capes Portal for the search:
Materials Science & Engineering Database, OneFile (GALE), Science Direct Journals
(Elsevier), Taylor & Francis Online - Journals e ProQuest Advanced Technologies &
Aerospace Collection. The selection included only articles published in peer-reviewed
journals between 2010 and 2015 in the Portuguese or English language.

After a preliminary study step of the search engines with iterations of different
terms and combinations, those keywords were chosen which allowed for the selection
of articles that could answer the proposed research questions. The answers to two
combinations of keywords were considered in the search tool: maintenance, safety
and “risk assessment” or “risk management”, which returned 41 results and the words
“maintenance and accident prevention”, with 167 results, totaling 208 articles.

The study of the articles published in the Brazilian Congresses on Maintenance
and Asset Management was limited to the last three editions of the Congress, i.e., the
28th edition of 2013, the 29th edition of 2014 and the 30th edition of 2015.
Two keyword combinations were used for this article selection: “Manutencgdo” and
“Gestao de Riscos” or “Avaliagdo de Riscos”, which yielded 338 results, and the
words “manutengédo e seguranga e saude no trabalho” with 171 results, totaling 509
articles.

The criteria for the exclusion/inclusion of articles were meant to enable screening
of relevant articles on maintenance management with a focus on occupational health
and safety. The exclusion criteria were repeated articles and the abstract's and
content's lack of adherence and potential to answer at least one of the four selected
research questions. In the case of the articles published in the Brazilian Congresses
on Maintenance and Asset Management, the focus was also on the presentation of
the application results of the case studies.

Eighteen articles were selected from the Capes Portal after reading the titles and
abstracts. Two articles were excluded after reading, leaving a selection of 16 articles
in total. 57 articles of the Brazilian Congresses om Maintenance and Asset
Management were selected after reading the titles and abstracts and, after reading
the full text, 8 articles were selected. At this point, the study counted with
24 selected articles.

In view of the main objective of answering the broad research questions,
complementation of the references proved necessary through the implementation of
“snowball” sampling. This consisted of a search for other relevant works which were
not returned by the selected keywords based on the references of the articles
selected for analysis. 14 articles were included in this second reading phase, even if
they were publications prior to 2010.

Thus, a total of 38 articles were selected, according to the summary presented in
Figure 1.
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Search Start

Research in annals of the National
Congress of Maintenance (2013 - 2015):
509 articles

Research in CAPES portal (2010- 2015):
208 articles

Reading titles and abstracts 190 Reading titles and abstracts 452
of 208 articles excluded of 509 articles excluded

. . 2 . . 49
Reading of 18 articles Reading of 57 articles
: excluded = excluded
Contributions to the 5 Contributions to the 5
review from the selected review from the selected
excluded excluded

references references

Total: 30 articles, 16 articles CAPES + 14 Total: 8 articles - National Congress of

references included Maintenance

Figure 1. Selection of the articles for a systematic review of the literature. Source: Developed
by the authors.

2.3 Summary and presentation of the results

After the search and coding of the articles, the presentation of the results was
organized in such a way as to answer each of the research questions. In addition,
conceptual maps were constructed throughout the results and discussion to assist in
the understanding of the aspects under study.

3 Results and discussion

3.1 What are the Relationships between Asset Management,
Maintenance and Occupational Safety and Health (OSH)?

The ABNT NBR ISO 55000 standard establishes that the main objective of an
effective control of assets is to pursue an optimum balance between cost, risk and
performance (Santos & Martins, 2015). Since the maintenance and safety activities
interfere with this balance, they need to be controlled through systematic and
coordinated activities.

Maintenance is a complex system involving multiple activities, from management
and planning to the implementation and review of procedures. Its complexity is
attributed both to the emergence of new requirements, such as energy efficiency,
safety and social impact, but also to new information and communication
technologies (lung et al., 2009). In this context, maintenance gains a much larger
objective than just repairing; it proposes to maintain the standards of efficiency, safety
and technology that ensure the stability of the company's activities.

Mather (2005) cites six elements that must be taken into consideration in
maintenance management practices: productivity, profitability, safety, learning, quality
and environmental concerns. In order to meet these requirements, maintenance
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activities become intrinsically integrated with the management of human resources,
safety, quality and production, bringing about the first relationship between
occupational health and safety and maintenance: integrated management.

One approach in safety risk assessment involves the division of the types of
causes: the reactive safety indicators, which have already been analyzed on a large
scale in the literature; and the influencers, also known as proactive indicators, which
must be increasingly observed in the process).

Another angle of analysis is to look at the objective of each activity. OSH focuses
on the worker in his work environment, seeking to mitigate accidents, occupational
diseases, protecting the worker's integrity and his ability to perform the work.
The main OSH target is the human being, while maintenance broadly pursues to
observe equipment, workers and the environment, but with equipment as the main
target.

Management often seeks solutions to remedy safety and maintenance problems.
This occurs visibly when there is the elimination of a risk by replacing a piece of
equipment or component that causes danger by another which uses the best
technology or less harmful chemical agents. Other times, the solution of one problem
will result in secondary demands to be resolved by the other field. Dual protection
systems, for example, generally require a higher level of maintenance, incurring
higher costs.

Maintenance influences the health and safety of workers in two ways: firstly,
properly planned and executed maintenance is essential to maintain the work system
and environment safe and reliable. This way, maintenance will contribute to the
elimination of dangers in the workplace. No maintenance action or actions in general
should lead to dangerous situations, accidents and health problems. Secondly,
maintenance should be performed safely, with the adequate protection of
maintenance workers and other people present at the place of work, because this is a
high-risk activity (Blaise et al., 2014).

Grusenmeyer (2014) points out that maintenance was associated with 10 to 15%
of fatal industrial accidents and 15 to 20% of all accidents in Europe in 2006.
The author points out that the relationship between maintenance and safety is
contradictory. Maintenance contributes to a reduction in risk through the prevention
and correction of non-ideal modes of operation of equipment, while also causing
accidents if one considers that maintenance activities naturally expose maintenance
workers to risk.

Risk can be considered in several ways, as variability of yields, a probability of
catastrophic events or as a classification derived from legislation. In Asset
Management, risk tends to reflect safety and environmental damage issues (Mather,
2005). In Maintenance, risk can be reflected in safety factors in maintenance activities
identified as critical, both for the safety of the operator and for the safety and reliability
of systems. Maintenance should be considered as a potential source of risk to the
operators involved in maintenance, in the case of maintenance failures, and also as a
potential source of risk to other people and of serious accidents (Grusenmeyer,
2014). These concepts set Asset Management apart, emphasizing the focus on the
company's assets, seeking to control performance, risk and cost in a more
comprehensive way than maintenance.

Murphy (2010) mentions that organizations focus on three main elements: asset
safety, reliability and performance (availability, utilization and cost minimization).
These elements are directly linked to the financial performance of organizations and
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can be perceived almost immediately when they are influenced. In this context,
maintenance can be considered as the main system that enables sustaining a
physical item, whether it is a place of work, a piece of equipment or a means of
transport, in a state in which it can perform the desired function (Blaise et al., 2014).
This is seen as a tool to hit such targets as reliability and availability, while also
playing a role in minimizing costs.

Narasimhan et al. (2010) tried to determine the level of maintenance routines and
risk factors for accidents in mechanized farms and showed that the most modern
technological equipment require less maintenance hours. This corroborates the asset
management assessment model by considering technologies, the useful life of
equipment and their maintenance within the administrative tools.

Considering the above, it should be noted that, for management, maintenance has
a direct relationship with asset management and OSH with management activities in
general, seeking the same objective and with each one even having practices
designed to service the other field. For example, maintenance geared toward safety
and performance and OSH risk assessment for maintenance and maintenance for the
reliability of asset management.

Reason & Hobbs (2003) discussed safety culture and admit that, for some
organizations, the consequences of failure in asset management are so important
that the safety issues should be of equal importance as profit. Murphy cites the
examples of failures in airlines, petrochemical plants and nuclear power plants
(2010).

According to Bourrier (1996), different elements can contribute to establish if
maintenance activities are critical for the safety of the operator and the nature of the
maintenance activities, the conditions in which the maintenance activities are
performed and the organization of the maintenance, inside and outside the company,
should also be evaluated. As can be seen in Figure 2, these arguments reveal that
cultures focused on safety and reliability establish an important relationship between
asset management, maintenance and safety, while those focused on performance
still see safety as a cost to be taken into consideration within companies.

Planning Quality

Management Cost

Learning / training Review

Maintenance staff Maintenance

Safety

Asset Management
Equipment

Risk Execution

Performance
\

Figure 2. Interactions of the Maintenance function in the company Source: developed by the authors.
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Zhao et al. (2000) classify maintenance activities as online and offline.
The on-line activities comprise the inspection to determine the status of the
equipment or system, the evaluation (to find out what the problem is), the
decision-making on maintenance (strategies and priorities) and taking action
(lubricate, repair, replace, etc.). Offline maintenance, on the other hand,
considers the activities performed during the shutdown of the plant, when
maintenance work is performed during the shutdown of the system as a whole.
It can also be classified into four main stages of operation: 1 - Identifying the
maintenance requirement; 2 - Preparatory work stages; 3 - Development and
action; and 4 - Restoration of normal conditions. It is extremely important for
anyone working with safety within maintenance to understand these
classifications, since there are levels of risks associated to each activity,
whether it is an inspection, a maintenance service or a plant shutdown. In the
same way, it is essential that the safety issues and institutional cost - both
related to asset management - are taken into account in the decision making
and priority setting. Figure 3 presents a summary of these classifications.

Predictive
Preventive Proactive / Reactive Strategies
Corrective

Inspection

el Maintenance
Evaluation

categorization related
to safety

Reform Offline Maintenance Online Maintenance

Adjustment
Rehabilitation
correction
Identification of needs
Preparing for work
Stages of execution

Development of maintenance actions

Restoration of the site for conditions of use

Figure 3. Maintenance classifications while evaluating safety issues. Source: developed by the authors.

According to Blaise et al. (2014) corrective and proactive strategies (preventative
and predictive) have been developed to restore an equipment or system from a failed
state, reduce the probability of failure or even to minimize the deterioration of the
functioning of an equipment or system. The first case is representative of the
corrective maintenance strategy, while the second is linked to the preventive strategy.
Hu & Zhang (2014) reported that the corrective maintenance time is usually
unexpected, while that preventive maintenance is planned. Many times, small repairs
are carried out on the components so the state can be maintained until the preventive
maintenance interval arrives.

The choice between different maintenance strategies has a direct impact on the
costs of the company's operation and within asset management that considers the
level of their planning and resources. It is essential to know the cost of shutting down
a piece of equipment during production, which leads to the idleness of employees and
loss of production. Costs related to OSH also vary depending on the strategy,
exposing employees to risk in case of equipment failure during production, with
leakage of toxic substances, extreme temperatures or even contact with mechanical
parts that generate accidents.
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In a context of engineering assets, reliability is defined as the probability that a
component meets its specific behavioral needs over time and under certain conditions
(Marais et al., 2004). The importance of reliability of engineering assets is evident
when examined against their contribution to other asset management performance
metrics, such as availability and utilization. Asset management has another
dimension related to reliability, however, evaluating the consequences of failures,
involving both financial and safety issues (Murphy, 2010).

Repair and maintenance based on maintenance time or based on detection can
be used to temporarily repair the parts without eliminating the root cause. In practice,
these activities are generally imperfect and cannot restore the system so that it is as
good as new (Hu & Zhang, 2014). The planning and control of activities is therefore
considered as a link to follow up on the solution of these root problems, when
managerial activities are added to the practices so failures do not reoccur. This
increases safety in the company as a whole, including for employees, since they are
exposed to less risk because there is no recurrence and because the safety of these
pieces of equipment is often improved following these solutions.

In order to develop a generic model, Herrera et al. (2009) state that, in order to
evaluate safety in maintenance activities, it would be necessary to take the
experience of different industries into account and present a maintenance
management model that consists of three levels: policies; planning and procedures;
and implementation and feedback.

Performance

Policies
Planning safety assessment

Maintenance management Safety assessment in management

Proactive behavior; Level of

Procedure P
communication;

Engineering Assets et
(O : Reliability

Maintenance execution safety assessment

Figure 4. Paths to performance and reliability. Source: developed by the authors.

Organizational cultures that ensure reliability and performance have incorporated
the management of OSH issues into their criteria more easily. For example, the
practice of giving value to employee awareness, favoring proactive behavior, high
levels of interpersonal and intra-organizational communication, a mindset that
appreciates prevention-driven initiatives (Bamber et al., 1999; Weick et al., 2008).
Both emphasize the importance of leveraging the knowledge and experience of the
engineering work force to ensure the continuous improvement of processes for the
prevention of accidents and to improve the capability to respond locally and quickly
when needed (Murphy, 2010). Figure 4 represents these arguments.
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3.2 What is the impact of occupational safety on maintenance
activities?

Safety interferes with the managerial and operational maintenance activities, because
when the planning is done, one has to know the risks and the conditions in which they
should be performed, demanding knowledge on safety from the planning team.

Considering that maintenance currently has a broader role (Al-Shanini et al.,
2014), the use of auxiliary tools as hazard identification, prevention and prediction
systems tends to provide information that can be effectively used in risk-based
decisions to prioritize maintenance plans, manage change and suggest the need for
new safety measures in both operations and maintenance. A maintenance schedule
can therefore have its activities changed as a function of safety issues and still make
strategic use of opportunistic actions during maintenance to remedy issues raised in
safety assessments by including them in the maintenance shutdowns, which would
have an influence from planning until completion.

When considering the high levels of planning in maintenance, where there is a
systematization of activities and an assessment of root causes of accidents during the
repair activity or even those caused by improper maintenance activities, there is a
realization that the majority of individual failures usually have multiple paths of
propagation. Any small local deviation, therefore, could be amplified, resulting in a
serious accidents and leading to economic losses. In many cases, especially in the
energy industries where the safety aspect is important, the impact of an accident
caused by a failure is often very sensitive and significant in relation to the
maintenance cost (Hu & Zhang, 2014).

In the case of maintenance in high-tech industries, Chen et al. (2014) describe a
reduction in accidents with improvements in maintenance planning, including the
maintenance of safety equipment from the factory, the adjustment and improvement
of safety systems carried out during the annual maintenance shutdown and the
inclusion of personal protection equipment for online maintenance activities.

Observing the operational part, the causes of accidents during maintenance are
usually grouped into active errors and latent conditions, such as human actions,
technical and structural workplace factors and organizational factors like
administration and supervision. Most of the time, therefore, organizational, technical
and human resources are regarded as the three main categories of accident
maintenance (Blaise et al., 2014). As such, the influence of OSH on maintenance is
to preserve safety by encouraging the use of personal protection equipment and
performing technical trainings that include safety and the supervision of activities with
safety in mind, which can be done through internal monitoring or audits.

The risk assessment model used in the study by Herrera et al. (2009) indicates the
levels of maintenance and the essential elements that should be taken into account to
assess safety management. These elements include policy, corrective and preventive
maintenance, modifications, maintenance tasks, engineering orders, inspection programs,
maintenance work scheduling, planning and execution, reporting and analyses.

As such, maintenance also needs to involve knowledge of safety in all its
activities, just as OSH needs to take factors into account that arise when evaluating
the maintenance structure, which leads many companies merge common activities.
In order to ensure the safety of operations of hydroelectric power plants, for example,
maintenance and supervision programs are cited as items to be included in the safety
and health management plans, generating integrated maintenance and safety models
(Saedi et al., 2014).
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3.3 How does the maintenance sector consider the osh criteria for the
company and for the maintenance operator?

Preserving and improving working conditions in a company, considering the
material part of equipment and facilities, is the responsibility of maintenance.
The maintenance of the installed safety systems; the temperature, humidity, lighting
and ventilation conditions; the equipment use conditions; the entire structure making
up the work environment; these factors require maintenance to comply with safety
legislation and standards to prevent accidents as a result of poor conditions to which
workers could be exposed. It is therefore important that the maintenance is planned
and executed so as to avoid the risk of deterioration.

Most companies, depending on their area of activity, require interruptions in their
activities, whether these occur daily, weekly or yearly. When an error or failure occurs
in a particular component that could cause the collapse of the system, the entire
system generally needs to be turned off for corrective maintenance. Using
maintenance strategies, the planned interruption should be performed to carry out
repairs, replacements and improvements when the preset service interval arrives.
Although both types of maintenance strategies require a shutdown of the system and
involve costs related to downtime and maintenance, these are generally less severe
than situations where the system breaks down, which can lead to serious accidents,
environmental pollution and even greater delays to restore the system (Hu & Zhang,
2014). Still keeping these strategies in mind, it is very important to consider safety
criteria in the planning of the maintenance intervals because this can also cause
accidents if performed incorrectly, inadequately, excessively or too late (Okoh &
Haugen, 2013).

The study by Hu & Zhang (2014) emphasizes that an optimal maintenance policy
must take the combination between the various parameters of maintenance
operations into account, such as the position of the components that need repair,
losses due to downtime, minimum repair costs, costs of preventive and corrective
maintenance and the risk of failure. The latter involves the safety concept, since when
risk is assessed the consequences for people and the environment are considered.

The impact of an accident caused by a failure is very sensitive and significant
when compared with the cost of maintenance (Hu & Zhang, 2014).

The safety of people working in companies depends on maintenance, on good
work conditions, especially when one analyzes those that might cause problems
involving toxic gas leaks, electrical insulation failures or mechanical failures that
endanger the safety of anyone operating the equipment.

Considering the operational maintenance levels, there are safety criteria to be
considered in various approaches:

(a) The annual maintenance time for major petrochemical plants, the sudden
workload, the numerous interruptions and the growing demand for more workers
requires contractors to employ temporary workers (Zhang & Zheng, 2012). These
workers are often unaware of the potential risks in these environments, which
requires the implementation of trainings even before the activities begin
(Cheng et al., 2013);

(b) The conditions of the deployment operation can also affect the health and safety
of the worker. Many times, they are working at night or early in the morning, in
confined spaces, on raised platforms, and in a variety of conditions of humidity
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and inadequate lighting. The work can be physically exhausting and require
attention to detail (Blaise et al., 2014);

(c) Planning the activities considering the safety criteria and overseeing the
implementation of the activities regarding the compliance with protective
measures incorporated in the planning, such as a power isolation, correct use of
tools and individual protection equipment (Grusenmeyer, 2014);

(d) The interaction between production and maintenance, the contribution of both on
a same component, the mutual dependency. For safety reasons, maintenance
may mean stopping a production process when maintenance cannot occur online
or it may even require workers to operate in hazardous locations (Zhao et al.,
2000);

(e) The transfer of some maintenance operation to production in order to support a
philosophy like TPM (Total Productive Maintenance).

Maintenance operations can be fully or partially outsourced or subcontracted.
Maintenance performed by a contractor has to be integrated into the ongoing
activities of the company to ensure the health and safety of all workers involved
(Blaise et al., 2014).

Figure 5 shows the impact of these planning activities on maintenance.

Evaluate SMS criteria in offline maintenance
planning

Take advantage of opportunistic maintenance
actions to propose safety improvements
L . Maintenance planning
Change in prioritization of maintenance
plans due to safety

Influence on the decision making of change
management - renovations and improvements

Impact of SMS on

Maintenance

Use of PPE
Training for maintenance

Adequacy of inspection programs to
consider safety items in survey cards

. Execution of maintenance activities
Qutsourced Training

VS .
{ Inclusion of safety actions in the

'-\preparation phase of the execution
- -

Consider risk when moving maintenance
activities to production operators

Figure 5. Impact of OSH on Maintenance. Source: developed by the authors.

3.4 What are the most impactful branches of activity in the maintenance
literature that consider OSH?

In 1998, the American Petroleum Institute (API) studied 100 serious accidents in
the oil industry over the last 30 years and its causes, discovering that mechanical
failure was responsible for 44% of these accidents. However, they discovered that
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during regular maintenance or inspection, workers often performed unsafe actions,
ignored the safety and protection devices or ceased to use them properly, with the
study pointing to maintenance as a cause of 73% of accidents. Furthermore, 51% of
accidents resulted from moving or compression actions of equipment to perform
cleaning, lubrication, adjustments or repairs, with the individual not following the
proper procedures during the action (Cheng et al., 2013).

The International Air Transport Association (IATA) showed that maintenance
events contributed to approximately 20% of all global accidents for the year 2007
(Rashid et al., 2014).

In the energy segment, petrochemical, hydroelectric and hydrogen power plants
use complex safety assessments in their facilities (Al-Shanini et al., 2014). The same
occurs in various public and private bodies, for example the navy, rail services,
aviation and department of transport classify their serious accidents related to
maintenance, which are preceded by latent conditions, threats, errors and undesired
maintenance (Okoh & Haugen, 2013).

Hobbs (2000) reported that maintenance errors contribute to 12% of accidents
with airline aircraft and that 50% of flight delays are related to problems presented by
engines. A study conducted by Holloway & Johnson (2004) between 1996 and 2003
in the United States indicated that management issues contribute to 17% and the
regulatory failures to 12% of probable causes of aviation accidents. Inadequate
maintenance and inspection can be considered as the second biggest safety threat
(Hobbs, 2004).

A study conducted by Narasimhan et al. (2010) found that in the year 2006, 11 of
the total of 159 accidents in farms in the province of Saskatchewan, Canada, were
related with the maintenance of agricultural machines.

Figure 6 represents a summary of the sectors that contribute most to the
generation of knowledge in the field of maintenance.

Petroci

Petroleum Industry (Cheng et al., Power Industry (Al Shanini et al., 2014) Hycroslectric
2013)
of Hydrogen

High-tech industry (Chen et al
201 SEEiEs TRl g Mining (Matos et al., 2013)
knowledge for maintenance

Meritime (Okoh & Haugen, 2013)
i ( ; 2 tation ir ry Rail (Okoh & H; , 2013)
Agroindustry (Narasimhan et al., 2010) Transportation industry R
Avistion (Hobbs, 2000)

Figure 6. Generation of knowledge in the field of maintenance. Source: developed by the
authors.
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3.4.1 Which phases (design, implementation, review) and types of maintenance
(preventive, corrective and predictive) are more prone to suffer influences from
OSH?

With the entry into effect in Brazil of the update of the regulatory standard NR12,
which regulates the safety of machinery and equipment (Alves, 2013), organizations
are now required to evaluate their safety conditions, emphasizing the operating
conditions. Consequently, the greater impact of OSH on maintenance is linked to the
activities of improving and maintaining protection systems and not to the maintenance
activity itself.

As with every risk activity, maintenance must also comply with the relevant
legislation on workplace safety. However, few articles provided information on these
conditions.

For organizations whose activities are inherently risky, such as in the aviation
industry, the chemical industry in general and the high-technology industries, the
publications emphasize preventive and predictive maintenance strategies because
these are directly linked to the safety of their employees and the prevention of
accidents with environmental damage. For the same reason, they use assessments
of the safety levels to determine the inclusion of improvements, and guidelines for the
deployment projects of new structures that have already been adapted to safety
standards. These also adopt safety inspections related to the review of maintenance
activities (Oliveira & Siqueira, 2015).

Barbosa (2015) describes that the risk involved with the maintenance department
is the operational risk and it is linked to losses or consequences of failures in
processes, people or systems. One could also highlight that modern designs involve
great technical complexity and require a high diversity of skills, and new forms of
management have been developed to deal with this change. Project management is
one of them, where risk management is a tool that is still litle used in Brazil, which
identifies the associated risks still in the design phase (Matos et al., 2013).

Due to the low number of articles associating the types and stages of
maintenance with safety, it was not possible to satisfactorily answer the proposed
question.

4 Concluding remarks

Following the objective of this work, it is concluded that there are fundamental
relationships between OSH, Maintenance and Asset Management and that
maintenance has a central role to play in these relationships. Due to the risky nature
of this activity, OSH needs to work together in the planning and supervision of
working conditions, both for the company and for the maintenance operators.

Both maintenance and occupational health and safety are secondary activities of
companies, and both are seen as a necessary cost for proper operations. Asset
management, on the other hand, is focused on management practices geared to
assets, and its relationship with maintenance is therefore much stronger than safety,
which tends to provide a systematization of the activities and the search for solutions.

The contributions to the second question, which sought to identify the impact on
maintenance activities in OSH, planning and implementation, included the
prioritization of maintenance as a function of safety, the inclusion of activities seeking
to improve working conditions and the preparation time for maintenance, which
includes activities that ensure the safety of those who are conducting maintenance.
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Another impact would also be the requirement for anyone working on the
management of the activities to know about workplace safety since the time of the
activities can be changed and even canceled depending on the conditions in which
they must be performed.

The third question, which sought to list how the maintenance sector considers the
OSH criteria, can be divided into two situations: first, safety for those performing the
maintenance, for example, by evaluating the work conditions, the involvement of
production in preventive maintenance activities, such as lubrication; the
implementation of services by external staff and its safety implications. Second,
where maintenance planning encompasses the company as a whole, working in order
to preserve equipment and infrastructure conditions and the maintenance cost
evaluations as a function of the risk of equipment failure and the worker safety to
determinate the frequency of maintenance on that basis.

The fourth question lists the most impactful branches of activity in the
maintenance literature that consider OSH and in which phases they occur.
The transport sector has the most significant impact, with the airline sector
having the largest number of articles on the subject, but the transport sector
with automotive vehicles, ports, and railways is also represented. Primary
industry also had a representative number of articles, especially the
petrochemical, mining and high-technology industries. Some articles were found
in the energy segment, such as electric power plants, hydroelectric plants and
hydrogen plants, which have a preventive approach concerning maintenance
and safety.

There were no publications with a similar approach to this work to answer the
issues raised in this systematic review of the literature and based on this observation,
the grouping of the obtained information was performed. Based on this, it is observed
that few articles discuss OSH for the people who perform this maintenance activity.

It is worth noting and proposing for future work that each issue could be an object
of study in greater depth and detail, considering the training and levels of difficulty
when performing maintenance activities. This study enabled the observation of a
large field of research related to maintenance and occupational health and safety,
since most articles under study with a focus on maintenance don't make a link with
OSH, which is of extreme importance in any activity, especially in this area, which is
gaining visibility in companies, which is the maintenance sector.
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